Physiological consequences of thin filament cooperativity for vertebrate striated muscle contraction: a theoretical study.
Bindings of both myosin and Ca(2+) to the thin filament of vertebrate striated muscle are known to be strongly cooperative. Here the relation between these two sources of cooperativity and their consequences for physiological properties are assessed by comparing two models, with and without Monod-type myosin-binding cooperativity. In both models a thin filament regulatory unit (RU) is in either 'off' or 'on' state, and the equilibrium between them (K (on)) is [Ca(2+)]-dependent. The calculations predict the following: (1) In both models, myosin binding stabilizes the RU in the 'on' state, causing troponin to trap Ca(2+). This stabilization in turn increases the Ca(2+)-binding cooperativity, ensuring efficient regulation to occur in a narrow [Ca(2+)] range. (2) In the cooperative model, the RU is stabilized with a relatively low myosin affinity for actin (K approximately approximately 1), while the non-cooperative model requires a much higher affinity (K approximately approximately 10) to produce the same effect. (3) The cooperative model reproduces the known effects of [Ca(2+)] on the rate of force development and shortening velocity with a low K, but again the non-cooperative model requires a higher value. (4) Because of the finite value of K (on), the thin filaments can never be fully activated by increasing [Ca(2+)], indicating that contracting muscles are under strong influence of thin-filament cooperativity even at saturating [Ca(2+)]. Interpretation of data on muscle mechanics without considering these cooperative effects could therefore lead to a substantial (10-fold) overestimate of cross-bridge binding properties.